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ABSTRACT
Objective: To test whether there is an association
between abortion legislation and maternal mortality
outcomes after controlling for other factors thought to
influence maternal health.
Design: Population-based natural experiment.
Setting and data sources: Official maternal
mortality data from 32 federal states of Mexico
between 2002 and 2011.
Main outcomes: Maternal mortality ratio (MMR),
MMR with any abortive outcome (MMRAO) and
induced abortion mortality ratio (iAMR).
Independent variables: Abortion legislation grouped
as less (n=18) or more permissive (n=14);
constitutional amendment protecting the unborn
(n=17); skilled attendance at birth; all-abortion
hospitalisation ratio; low birth weight rate; contraceptive
use; total fertility rates (TFR); clean water; sanitation;
female literacy rate and intimate-partner violence.
Main results: Over the 10-year period, states with less
permissive abortion legislation exhibited lower MMR
(38.3 vs 49.6; p<0.001), MMRAO (2.7 vs 3.7; p<0.001)
and iAMR (0.9 vs 1.7; p<0.001) than more permissive
states. Multivariate regression models estimating effect
sizes (β-coefficients) for mortality outcomes showed
independent associations (p values between 0.001 and
0.055) with female literacy (β=−0.061 to −1.100),
skilled attendance at birth (β=−0.032 to −0.427),
low birth weight (β=0.149 to 2.166), all-abortion
hospitalisation ratio (β=−0.566 to −0.962), clean water
(β=−0.048 to −0.730), sanitation (β=−0.052 to
−0.758) and intimate-partner violence (β=0.085 to
0.755). TFR showed an inverse association with MMR
(β=−14.329) and MMRAO (β=−1.750) and a direct
association with iAMR (β=1.383). Altogether, these
factors accounted for (R2) 51–88% of the variance
among states in overall mortality rates. No statistically
independent effect was observed for abortion
legislation, constitutional amendment or other
covariates.
Conclusions: Although less permissive states
exhibited consistently lower maternal mortality rates,
this finding was not explained by abortion legislation
itself. Rather, these differences were explained by other
independent factors, which appeared to have a more
favourable distribution in these states.
INTRODUCTION
Promoting maternal health has been a key
concern for public health policymakers
Strengths and limitations of this study
▪ To the best of our knowledge, this is the first
population-based natural experiment analysing the
impact of less or more permissive abortion legislation
on maternal mortality outcomes in Mexico, simultan-
eously controlling by 10 variables thought to influ-
ence maternal health at the population level.
▪ In this study, relying on virtually complete, official
vital statistics data, Mexican states with less permis-
sive abortion legislation displayed lower maternal
and abortion mortality ratios than states with more
permissive legislation during a 10-year study
period.
▪ In comparison to states with more permissive abor-
tion legislation, those with less permissive legisla-
tion showed a more favourable profile in several
indicators related to maternal healthcare and human
development.
▪ Exhaustive multivariate analyses showed that
observed differences in maternal mortality out-
comes among states were largely explained by a
combination of variables related to maternal health-
care, fertility, female literacy, intimate-partner vio-
lence against women and sanitation.
▪ After controlling for confounders, no evidence of
deleterious or beneficial effect was found for the
presence of constitutional amendments protecting
the unborn over a 4-year study period.
▪ Since this study is based on aggregated data, the
effect of analysed variables at the individual level
cannot be ruled out.
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worldwide, particularly since the United Nations (UN)
put forth the Millennium Development Goals (MDGs).1
As part of the fifth MDG, which focused on improving
maternal health, the UN requested all member states to
decrease their maternal mortality ratio (MMR)i by 75%
by 2015.2
Most causes of maternal mortality are preventable,
and improved access to antenatal care,3–5 as well as
maternal health facilities equipped with emergency
obstetric units,3 4 6 7 and skilled attendance at child-
birth,3 6 8–10 are acknowledged public health interven-
tions that have led to the decrease in maternal mortality
worldwide. However, 1-year away from the 2015 deadline
for the MDGs, the MMR has decreased less than 50%
globally,10–12 suggesting that measures taken to address
maternal mortality may have been insufficient.11 13 14 In
this regard, although novel complementary public
health or social interventions have been encouraged in
support of the post-MDG agenda,13 14 these ought to be
supported by data and evidence, for example,
population-based natural experiments.15–17
It has been proposed that the legal status of abortion,
defined as pregnancy termination by removal or expul-
sion of the fetus, is a factor that influences maternal
health in a region, country or territory.18 19 There is a
widespread perception that less permissive legislation,
that is, legislation that restricts or prohibits pregnancy
termination (note that ‘abortion’ or ‘pregnancy termin-
ation’ are terms used interchangeably throughout this
study) leads to increased maternal mortality due to com-
plications of clandestine, or illegal, or unsafe abor-
tions.20–22 Accordingly, it has also been suggested that
more permissive abortion legislation would lead to a
reduction in maternal deaths.19–21 However, conflicting
results have been recently reported in the litera-
ture.10 12 18 23–29 For instance, evidence from settings
with less permissive abortion legislation26 28–31 suggests
that other factors, such as increasing level of women’s
education, complimentary nutrition programmes for
poor pregnant women, availability of maternal health-
care facilities, emergency obstetric units, changes in
reproductive behaviour with increased family planning,
and access to clean water and sanitation, may facilitate
an epidemiological transition towards low maternal mor-
tality rates in the absence of more permissive abortion
legislation.30 However, this hypothesis remains to be
tested or replicated at the population level in different
epidemiological scenarios.
The United Mexican States (Mexico) is a federal repub-
lic comprising 32 federal territories (31 states and the
Federal District, referred to as ‘states’ henceforth), whose
population shares a common history and culture. The
Mexican healthcare system reached virtually universal
coverage over the past century, assuring equality in access
to basic healthcare for most of the population.32 Each
state has its own political constitution, criminal code and
abortion legislation. Moreover, while the Federal District
passed a law allowing pregnancy termination on demand
during the first trimester of pregnancy, several states have
modified their constitutions in the opposite direction,
strengthening the protection of the unborn starting at
conception.22 Thus, Mexico offers a unique epidemio-
logical scenario to test whether more or less permissive
abortion legislation affects maternal mortality in a popu-
lation that shares the same history and culture and that
has a homogeneous healthcare system.
This study presents the results of a population-based
natural experiment examining factors associated with
maternal mortality in the 32 Mexican states during a
period spanning 10 years (2002–2011). It analyses trends in
maternal and abortion-related mortality according to dif-
ferences in abortion legislation, controlling for a number
of factors thought to influence maternal mortality rates.
MATERIALS AND METHODS
Population data
Official records of maternal deaths and observed live
births occurring within the United Mexican States were
extracted from the General Directorate of Health
Information (DGIS)33 and the National Institute of
Statistics, Geography, and Informatics (INEGI),34
respectively, for every state by place of residence (state
where the individual used to dwell) and place of occur-
rence (state where the vital event took place), between
2002 and 2011 (10-year continuous period). Civil regis-
tration of vital statistics in Mexico follows international
standards, has been regarded as virtually complete by
the WHO, and has been included in List A—with good
attribution of causes of death—along with 64 other
countries.12 Since 2002, Mexico has strengthened its
active epidemiological surveillance system (Intentional
Search and Reclassification of Maternal Deaths)35 to cor-
rectly code maternal deaths that were initially not recog-
nised as maternal, and to reclassify maternal deaths with
erroneously attributed codes throughout the entire terri-
tory. Since this surveillance increased data reliability,
2002 was selected as the initial year for the study.
Classification of maternal deaths
Maternal deaths were identified using the 10th revision
of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10)36 and were clas-
sified by place of residence or occurrence. Mortality
ratios were directly calculated as the quotient between
maternal deaths and observed live births. Three epi-
demiological indicators were calculated according to the
classification proposed in a recent review.37 The first
indicator is MMR, which considers all maternal death
codes (ICD-10 codes O00-O99, A34, B20-B24 and F53)
iMMR is the quotient between the number of deaths from conditions
related to or aggravated by pregnancy, childbirth or puerperium, and
the number of live births during the same period of time. For
purposes of comparison, this ratio is usually amplified by 10 000 or
100 000 observed live births.
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and is often referred to as overall maternal mortality.
The second indicator is MMR with any abortive outcome
(MMRAO), which considers maternal death classified fol-
lowing ICD-10 codes O00-O08. The third indicator is
termed induced abortion mortality ratio (iAMR), which
focuses only on deaths most likely associated with com-
plications of pregnancy termination.37 Specific
characteristics of this indicator allow circumvention of
the problem of under-reporting of deaths from illegal
abortions in countries where legal restrictions hamper
the assessment of induced abortion counts and rates.
First, it includes the code for medical abortion (ICD-10
code O04), which is used for the classification of deaths
due to legal termination of pregnancy. Second, it also
includes codes for other abortion (ICD-10 code O05),
unspecified abortion (ICD-10 code O06) and failed
attempted abortion (ICD-10 code O07), which are
employed in Mexico and other Latin American coun-
tries for classifying deaths from induced abortion
without a clear cause or when an illegal procedure is sus-
pected. Finally, this indicator parsimoniously excludes
deaths associated with well-defined pathological condi-
tions or complications that cannot be associated with a
voluntary termination of pregnancy, such as ectopic
pregnancy (ICD-10 code O00), hydatidiform mole
(ICD-10 code O01), other abnormal products of concep-
tion (ICD-10 code O02), spontaneous abortion (ICD-10
code O03), and complications following abortion and
ectopic and molar pregnancy (ICD-10 code O08).37
Abortion legislation
Criminal legislation for each state was reviewed and
extracted from the National Office for the Judiciary of
the Mexican government.38 The revision of current
criminal codes of each Mexican state is summarised in
table 1. In practical terms, all 32 states provide criminal
exemptions from prosecution for abortions performed
in case of rape, 29 states provide criminal exemptions in
imprudent or accidental cases, 25 states provide exemp-
tions when the life or health of the mother is at risk, 10
states do so in cases of artificial insemination without
consent, 1 state does so for social causes and 14 states
do so in cases of genetic or congenital fetal conditions
resulting in an individual with serious physical or mental
deficiencies. In addition, in 2007, the Federal District
passed a law allowing legal pregnancy termination on
request up to the 12th week of pregnancy.39 In explora-
tory analyses, segregating states by the number of
exemptions provided in criminal codes did not result in
detectable differences in sensitivity analyses, with the
exception of abortion allowed by genetic or congenital
fetal malformations. The remaining seven exemptions
were distributed differentially in almost every state or
very few states, thus offering no discrimination potential.
Therefore, to differentiate between states with more or
less permissive abortion legislation in subsequent statis-
tical analyses, states allowing pregnancy termination due
to serious genetic or congenital conditions were
considered more permissive (14 states), while the remain-
ing states were considered less permissive (18 states).
Political constitution amendments
Data on amendments to the political constitution of
each state were extracted from the National Office for
the Judiciary of the Mexican government.38 Specifically,
constitutional amendments specifying an explicit protec-
tion of the unborn starting at conception were tracked
in time and form by examining the political constitution
of each state. A number of states amended their consti-
tutions to this effect almost immediately after the legal-
isation of pregnancy termination on request in the
Federal District in April of 2007.39 These progressive
changes required a dynamic allocation of states accord-
ing to the date of enactment or derogation of the
amendment during the 4-year period of analysis
between 2008 and 2011 (see online supplementary
figure S1). In addition to the state of Chihuahua, which
amended its constitution in 1994, 16 other states had
enacted these amendments by the end of 2011. In subse-
quent statistical analysis, a direct comparison of maternal
and abortion-related deaths was carried out between
groups of states with amendment (17 states) and
without an amendment (15 states). In addition, subana-
lyses that discriminated maternal and abortion-related
mortality between the Federal District and other states
were also conducted.
Independent variables
Other independent variables considered were percent-
age of the population with access to clean water (‘clean
water’), sanitary sewer coverage (‘sanitation’), average
total fertility rate between 2002 and 2011 (‘TFR’), per-
centage of contraceptive use by married or in-union
female population of fertile age (‘contraceptive use’),
percentage of skilled attendance at birth (‘skilled attend-
ance at birth’), low birth weight rate (‘low birth
weight’), female literacy rate (‘female literacy’),
all-abortion hospitalisation ratio and percentage of
intimate-partner violence against married or in-union
women over the past year (‘intimate-partner violence’).
Operational definitions, their significance for epidemio-
logical studies (for subsequent interpretation), measure-
ment scales and data sources for these variables are
detailed in online supplementary table S1.
Statistical analyses
Parallel time series were constructed between 2002 and
2011 for maternal deaths and registered live births
according to abortion legislation. Trends for MMR,
MMRAO and iAMR per 100 000 live births were directly
calculated for every federal state and were evaluated
over time by occurrence and residence using an autore-
gressive integrated moving average (ARIMA) model.
The complete time series data used in this study are
presented in online supplementary tables S2–S15.
In each ARIMA model, the β-coefficient represents
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Table 1 Current abortion legislations based on criminal exemptions from prosecution of abortion in 32 Mexican states exhibiting a more (m) or less (l) permissive
abortion legislation
Rape
Imprudential
conduct
Risk to the
life of the
mother
Genetic or
congenital
malformation
Serious risk
to the health
of the mother
Artificial
insemination
without consent
Economic
or social
reasons
On
demand
Aguascalientes (l) ✓ ✓ ✓
Baja California (l) ✓ ✓ ✓ ✓
Baja California Sur (m) ✓ ✓ ✓ ✓ ✓ ✓
Campeche (l) ✓ ✓ ✓
Coahuila (m) ✓ ✓ ✓ ✓
Colima (m) ✓ ✓ ✓ ✓ ✓
Chiapas (m) ✓ ✓ ✓
Chihuahua (l) ✓ ✓ ✓ ✓
Distrito Federal (m) ✓ ✓ ✓ ✓ ✓ ✓
Durango (l) ✓ ✓ ✓
Guanajuato (l) ✓ ✓
Guerrero (m) ✓ ✓ ✓ ✓
Hidalgo (m) ✓ ✓ ✓ ✓
Jalisco (l) ✓ ✓ ✓ ✓
México (m) ✓ ✓ ✓ ✓
Michoacán (l) ✓ ✓ ✓ ✓
Morelos (m) ✓ ✓ ✓ ✓ ✓
Nayarit (l) ✓ ✓ ✓ ✓
Nuevo León (l) ✓ ✓ ✓
Oaxaca (m) ✓ ✓ ✓ ✓
Puebla (m) ✓ ✓ ✓ ✓
Querétaro (l) ✓ ✓
Quintana Roo (m) ✓ ✓ ✓ ✓
San Luis Potosí (l) ✓ ✓ ✓ ✓
Sinaloa (l) ✓ ✓ ✓
Sonora (l) ✓ ✓ ✓
Tabasco (l) ✓ ✓ ✓
Tamaulipas (l) ✓ ✓ ✓ ✓
Tlaxcala (l) ✓ ✓ ✓ ✓
Veracruz (m) ✓ ✓ ✓ ✓ ✓
Yucatán (m) ✓ ✓ ✓ ✓ ✓
Zacatecas (l) ✓ ✓ ✓ ✓
Total 32 29 25 14 12 10 1 1
Official criminal legislation for each state were reviewed and extracted from the National Office for the Judiciary.38 Operational definitions of more or less permissive legislation were according to
criminal exemption from prosecution of abortion in case of genetic or congenital malformation.
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the average change per year of the mortality outcome
and the p for trend indicates the statistical significance
of the overall trend. Average mortality ratios over the
total time period were also computed and directly
matched using the Z-test. The proportion (%) of
induced abortion-related deaths (ie, proportion of
deaths due to pregnancy termination over the total
number of maternal deaths) was also computed and
comparatively analysed.
The Kolmogorov-Smirnov test was utilised to assess the
normal distribution assumption. Multiple regression was
used to estimate the effect size of independent variables
on average mortality ratios (MMR, MMRAO and iAMR)
and explain the variance among the 32 states controlling
for other factors. Owing to the potential collinearity
related to the high number of predictors, a Pearson cor-
relation matrix was used to quantify the magnitude of
bivariate linear associations among all independent vari-
ables. Pearson coefficients (r) ≥0.70 were considered to
suggest collinearity. Exploratory models were conducted
to assess collinearity using the variance inflation factor
(VIF).40 The covariates selected for inclusion in explana-
tory regression models were analysed using the backward
stepwise elimination method based on p values of 0.05
and 0.059 as criteria of entry and removal, respectively.
β-Coefficients with 95% CIs were computed to assess the
effect size of each predictor on the MMR, MMRAO and
iAMR, and the change in the R2 was used to determine
the final models with maximal goodness-of-fit, minimal
number of explanatory variables and minimal collinear-
ity. To examine the stability of β-coefficients and obtain
unbiased effect sizes, two panels of multivariate explana-
tory models were considered for each mortality
outcome, based on diagnostic regression refinement of
residual statistics, by eliminating the presence of outliers
(higher than 2 SDs of predicted mortality outcome)
when presented.
RESULTS
Abortion legislation and maternal mortality
During the 10-year study period, there were 11 649
maternal deaths and 26 089 498 live births in Mexico,
corresponding to an MMR of 44.7/100 000 live births.
The MMR in 2002 was 48.6, decreasing to 37.7/100 000
live births in 2011, representing a total reduction of
22.4%. In the same period, there were 855 deaths
with abortive outcome, representing an MMRAO of
3.28/100 000 live births. This outcome displayed a
20.5% decrease between 2002 (3.61/100 000 live births)
and 2011 (2.87/100 000 live births). For this period,
there were 352 deaths associated with ICD-10 codes O04
through O07, representing an iAMR of 1.35/100 000 live
births. This outcome decreased by 29.5% between 2002
and 2011, from 1.49 to 1.05 deaths per 100 000 live
births.
Regardless of where the vital event took place, MMR,
MMRAO, iAMR and the proportion of induced abortion-
related deaths between 2002 and 2011 were lower in the
group of states with less permissive abortion legislation
(figures 1 and 2). Table 2 summarises the linear trends
of all three mortality outcomes in each group of states
and the entire Mexican country for the study period, by
residence and occurrence, respectively. In each group,
the β-coefficient represents the average change per year
of the mortality outcome and the p for trend indicates
the statistical significance of the overall trend. The
group of states with less permissive abortion legislation
showed apparently stable trends for MMR, MMRAO and
iAMR during the decade analysed. The group of states
with more permissive abortion legislation displayed
decreasing trends for MMR, MMRAO and iAMR, narrow-
ing the gap between the two groups by 2011, but still
exhibited statistically significant differences (eg, MMR of
40.9 vs 33.5 per 100 000 live births for more permissive
vs less permissive states, Z=3.04, rate ratio=0.82,
p=0.002). State-by-state trends and estimated
β-coefficients for the time series of MMR, MMRAO and
iAMR are presented by residence (see online supple-
mentary tables S10–S12) and by occurrence (see online
supplementary tables S13–S15).
Figure 3 illustrates in a blue scale the geographic dis-
tribution of average MMR (top panel) and iAMR
(bottom panel) for the 10-year period in territories of
the whole country. The differences in average mortality
outcomes between groups are summarised in table 3.
The average MMR for the 10-year period by place of
residence and occurrence in the group of states with less
permissive legislation was 23% and 21% lower, respect-
ively, than the value in the group of states with more per-
missive legislation. Similarly, the group of states with less
permissive abortion legislation showed an average
MMRAO by place of residence and occurrence that was
27% and 24% lower, respectively, than states with more
permissive legislation. The highest difference between
both groups was for the average iAMR, which was 47%
lower in states with less permissive legislation, for ana-
lyses by residence and occurrence. Finally, the average
proportion of induced abortion-related deaths over the
total number of maternal deaths by place of residence
was 2.4% and 3.4% (p=0.002) in the groups of states
with less and more permissive abortion legislation,
respectively; by place of occurrence, the figures were
2.3% and 3.5% (p<0.001), respectively. Excluding the
Federal District from the group of states with more per-
missive abortion legislation did not significantly modify
these results.
Constitutional amendments and maternal mortality
Regardless of where the vital event took place, iAMR
and the proportion of induced abortion-related deaths
between 2008 and 2011—but not MMR and MMRAO, for
which rates overlapped—were apparently higher in the
group of states that did not amend their constitutions
(figures 4 and 5); however, these differences were not
statistically significant for the 4-year period (p for
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trend=0.670). The differences in average mortality out-
comes between groups are summarised in table 4.
Differences were observed in the average iAMR and pro-
portion of induced abortion-related deaths for the total
period of 4 years. The average iAMR either by place of
residence or by place of occurrence in states with consti-
tutional amendments was 31% lower than the value in
states without amendments. The average proportion of
induced abortion-related deaths over the total number
of maternal deaths by place of residence was 2.1% in
states with amendment and 3.1% in states without
amendment (p=0.041); by place of occurrence, the
figures were 2.2% in states with amendment and 3.2%
in states without amendment (p=0.048).
After removing the Federal District from the group of
states without constitutional amendments, differences
were observed in the average MMR and MMRAO
between the groups, but only in the analysis of mortality
by place of occurrence (figures 5 and 7). The Federal
District showed a higher average MMR and MMRAO by
place of occurrence than did the group of states with
constitutional amendments. In addition, removal of the
Federal District from the group of states without consti-
tutional amendments abolished the differences found in
the average iAMR and proportion of induced abortion-
related deaths by place of occurrence (figures 5 and 7),
but not by place of residence (figures 4 and 6) between
the latter group and the group of states with the amend-
ment. Results for each mortality outcome are compared
in table 4.
Primary explanatory regression models
Table 5 shows data for all covariates for each Mexican
state, and includes the results from tests of normal distri-
bution for each variable. Simple regression models illus-
trating the initial effect size (β-coefficient) for each
covariate, including abortion legislation and constitu-
tional amendment, are presented in table 6. For instance,
less permissive abortion legislation was associated with an
average decrease of 7.31/100 000 live births for MMR.
Exploratory regression analyses showed collinearity
between independent variables. A full model introducing
all independent variables simultaneously (not shown)
showed VIF values between 1.537 and 9.082. In particu-
lar, five of the nine independent variables showed VIF
values higher than 4.0 (clean water, sanitation, TFR,
contraceptive use and female literacy), suggesting the
presence of multicollinearity. A correlation matrix
Figure 1 Mortality ratios and the proportion of abortion-related deaths by place of residence in states with less and more
permissive abortion legislation. Line charts illustrate trends in MMR (top-left panel), MMRAO (top-right panel), iAMR (bottom-left
panel) and the proportion of abortion-related deaths (bottom-right panel) by place of residence between 2002 and 2011 in
Mexican states, grouped as with less permissive (in dark green) or more permissive (in cyan) in terms of abortion legislation in
their criminal code (see Materials and methods). For comparison, trends for the whole Mexican country (all states) are depicted
as dotted lines. Bar charts show average ratios and proportions of abortion-related deaths for each group (dark green and cyan
bars, respectively), and the whole Mexican country (hollow bars). *p<0.05 using Z-test. iAMR, induced abortion mortality ratio;
MMR, maternal mortality ratio; MMRAO, MMR with an abortive outcome.
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showed a high inverse correlation between TFR and
contraceptive use (r=−0.76; p<0.001), suggesting that
these variables were interchangeable. Other pairs of vari-
ables with high Pearson coefficients were clean water
with sanitation (r=0.79; p<0.001), and female literacy with
clean water (r=0.85; p<0.001) or with sanitation (r=0.86;
p<0.001). Thus, contraceptive use and female literacy
were selected for primary explanatory models. When
TFR, clean water and sanitation were excluded, VIF sub-
stantially decreased to values between 1.087 and 3.338.
Table 7 shows the multivariate explanatory models for
MMR, MMRAO and iAMR using the backward stepwise
elimination method and after statistical refinement.
Models before refinement are presented in online sup-
plementary table S16. In general, an increase in
β-coefficients and R2 was observed after statistical refine-
ment. In every multivariate regression model, each
β-coefficient represents the average change in the
outcome of interest (ie, MMR, MMRAO and iAMR) per
unit of change in each independent variable (eg, %
skilled attendance at birth, % female literacy, % low birth
weight, etc) controlling for all other covariates in the
model, and R2 represents the proportion of the total vari-
ability in the mortality outcome explained by the full
model. The refined model for MMR excluded two states
as outliers (Chihuahua and Nueva León) and identified
four predictors: female literacy, low birth weight,
all-abortion hospitalisation ratio and intimate-partner vio-
lence. These variables accounted for 69% of observed dif-
ferences in MMR among states (R2 for model). The
contribution of each variable for explaining the variance
of MMR among states (partial R2) was 50.9%, 15.1%,
4.4% and 2.8%, respectively. No independent effect was
observed for abortion legislation, constitutional amend-
ment or other covariates. Regarding MMRAO, the refined
model excluded two states as outliers (Aguascalientes
and Nayarit), identifying three predictors: female literacy,
low birth weight and skilled attendance at birth. These
variables accounted for 62% (R2 for model 0.624;
p<0.001) of observed differences in MMRAO among
states. The individual contributions of each factor for
explaining the variance of MMRAO among states were
11.9%, 40.2% and 14.2%, respectively. No independent
effect was observed for abortion legislation, constitutional
amendment or other covariates. Finally, regarding iAMR,
the refined model excluded four states as outliers
(Aguascalientes, Durango, Sonora and Tlaxcala), identi-
fying three predictors: female literacy, low birth weight,
skilled attendance at birth and intimate-partner violence.
These variables accounted for 78% (R2 for model 0.777;
Figure 2 Mortality ratios and the proportion of abortion-related deaths by place of occurrence in states with less and more
permissive abortion legislation. Line charts illustrate trends in MMR (top-left panel), MMRAO (top-right panel), iAMR (bottom-left
panel) and the proportion of abortion-related deaths (bottom-right panel) by place of occurrence between 2002 and 2011 in
Mexican states, grouped as with less permissive (in dark green) or more permissive (in cyan) in terms of abortion legislation in
their criminal code (see Materials and methods). For comparison, trends for the whole Mexican country (all states) are depicted
as dotted lines. Bar charts show average ratios and proportions of abortion-related deaths for each group (dark green and cyan
bars, respectively), and the whole Mexican country (hollow bars). *p<0.05 using Z-test. iAMR, induced abortion mortality ratio;
MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome.
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p<0.001) of observed differences in iAMR among states.
The relative contributions of these variables for explain-
ing the variance of iAMR (partial R2) among states were
39.9%, 19.1%, 14.8% and 7.2%, respectively. No statistic-
ally independent effect was observed for abortion legisla-
tion, constitutional amendment or other covariates.
Table 2 Average change per year in different maternal mortality outcomes by place of residence and occurrence in groups
of Mexican states with more or less permissive abortion legislation and the entire country (2002–2011) based on ARIMA
models
MMR MMRAO iAMR
β* SE† p‡ β* SE† p‡ β* SE† p‡
By place of residence
Less permissive states (18) −0.563 0.405 0.202 0.030 0.057 0.615 −0.010 0.019 0.619
More permissive states (14) −1.766 0.276 <0.001 −0.123 0.040 0.016 −0.096 0.025 0.005
United Mexican States (32) −1.258 0.286 0.002 −0.056 0.032 0.121 −0.058 0.017 0.010
By place of occurrence
Less permissive states (18) −0.487 0.428 0.288 0.025 0.061 0.688 −0.011 0.020 0.602
More permissive states (14) −1.764 0.275 <0.001 −0.112 0.040 0.022 −0.092 0.023 0.004
United Mexican States (32) −1.258 0.286 0.002 −0.056 0.032 0.121 −0.058 0.017 0.010
*β-coefficient representing the average change per year for trend of MMR per 100 000 live births between 2002 and 2011.
†SE for β-coefficient obtained between 2002 and 2011 with ARIMA.
‡p Value for trend between 2002 and 2011.
ARIMA, Autoregressive Integrated Moving Average; iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio MMRAO, MMR with
any abortive outcome.
Figure 3 Average mortality
ratios in states with more or less
permissive abortion legislation
between 2002 and 2011. Political
maps of Mexican states are
shown for average MMR (top
panel) and average iAMR (bottom
panel) for the 2002–2011 period,
indicating whether they exhibit
less (orange dots) or more
(yellow dots) permissive abortion
legislation, in terms of their
criminal code (see Materials and
methods). Increasing blue colour
indicates an increase in MMR or
iAMR on a quintile or quartile
scales (see the legend of each
panel). Ag., Aguascalientes; Co.,
Colima; FD., Federal District;
iAMR, induced abortion mortality
ratio; MMR, maternal mortality
ratio; Mo., Morelos; Tl., Tlaxcala.
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Alternative explanatory regression models
Alternative multivariate regression models considering
variables initially excluded by collinearity are summarised
in table 8. For instance, in the first of these alternative
models, female literacy was exchanged with clean water
(ie, female literacy was excluded from the model,
whereas clean water was included). After regression
refinement, four factors were identified as independent
explanatory variables for the MMR: clean water, low birth
weight, all-abortion hospitalisation ratio and intimate-
partner violence. These variables accounted for 88% (R2
for model 0.886; p<0.001) of observed differences in
MMR among states. The individual contribution (partial
R2) of each factor for explaining the variance of MMR
among states was 64.7%, 22.0%, 1.9% and 1.7%, respect-
ively. Regarding MMRAO, the model identified skilled
attendance at birth and low birth weight as independent
predictors, accounting for 42% of the difference among
Table 3 Comparative analysis of average mortality outcomes by residence and occurrence for groups of Mexican states
exhibiting a more or less permissive abortion legislation, 2002–2011
Indicator Less permissive More permissive Rate ratio* p†
MMR By residence 38.3 49.6 0.7722 <0.001
By occurrence 39.1 49.3 0.7922 <0.001
MMRAO By residence 2.7 3.7 0.7110 <0.001
By occurrence 2.8 3.7 0.7491 <0.001
iAMR By residence 0.9 1.7 0.5358 <0.001
By occurrence 0.9 1.7 0.5337 <0.001
Proportion of induced
abortion-related deaths
By residence 2.4% 3.4% ‡ <0.001
By occurrence 2.3% 3.5% ‡ <0.001
*Z-test rate ratio.
†Z-test p value.
‡Not applicable.
iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome.
Figure 4 Mortality ratios and the proportion of abortion-related deaths by place of residence in states with or without a
constitutional amendment to protect the unborn starting at conception. Line charts illustrate trends for MMR (top-left panel),
MMRAO (top-right panel), iAMR (bottom-left panel) and the proportion of abortion-related deaths (bottom-right panel) by place of
residence between 2008 and 2011 in Mexican states, grouped as with amendment (in dark green) or without amendment
(in cyan) in terms of abortion legislation in their criminal code (see Materials and methods). Bar charts show average ratios and
proportions of abortion-related deaths for each group (dark green and cyan bars, respectively). *p<0.05 using a Z-test. iAMR,
induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome.
Koch E, et al. BMJ Open 2015;5:e006013. doi:10.1136/bmjopen-2014-006013 9
Open Access
 o
n
 M
ay 18, 2020 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2014-006013 on 23 February 2015. Downloaded from 
states, with an individual contribution of 17.8% and
27.9%, respectively. For iAMR, the model selected three
factors: clean water, low birth weight and skilled attend-
ance at birth. These variables explained 70% (R2 for
model 0.70; p<0.001) of the difference among states with
individual contributions of 39.2%, 26.6% and 7.4%,
respectively, of the differences observed in iAMR among
states. Similarly, when female literacy was exchanged for
sanitation, the refined model identified sanitation as
inversely associated with MMR and iAMR. Finally, when
TFR was incorporated instead of contraceptive use in
multivariate models, an inverse independent association
of TFR with MMR (β=−14.329; p=0.002) and MMRAO (β=
−1.750; p=0.008), and a direct association with iAMR
(β=1.383; p=0.003) was found. A full description for other
significant predictors in these alternative explanatory
models is presented in the online supplementary mater-
ial. No statistically significant effects were found for abor-
tion legislation or constitutional amendment in any of
the alternative regression models.
DISCUSSION
Diversity of abortion legislation in different regions,
countries and territories may partially reflect different
cultural values and attitudes towards motherhood, child-
hood, the unborn and abortion itself.22 41 43–47
Theoretically, in Mexican states exhibiting less permissive
legislation, maternal mortality should have been higher
because the practice of unsafe abortion should be more
frequent.19–22 Paradoxically, over a 10-year period, those
states almost univocally exhibited lower figures for MMR,
MMRAO and iAMR. Nevertheless, after an exhaustive ana-
lysis adjusting for multiple confounders, the initial esti-
mated effects for all mortality outcomes were explained
by differences in other independent factors known to
influence maternal health rather than by abortion legisla-
tion itself. In fact, most of the independent variables con-
sidered in the present study were more favourably
distributed in the group of states with less permissive
legislation in a weighted comparative analysis (table 9).
Consequently, making a direct or independent causal
link between a less permissive abortion law and a lower
incidence of maternal deaths—or conversely by consider-
ing a more permissive abortion law—would be a prema-
ture or even erroneous conclusion. Rather, from an
epidemiological perspective, the Mexican natural experi-
ment provides evidence to support three complementary
assumptions at the population level: first, abortion legisla-
tion per se did not appear to have an independent effect
Figure 5 Mortality ratios and the proportion of abortion-related deaths by place of occurrence in states with or without a
constitutional amendment to protect the unborn starting at conception. Line charts illustrate trends for MMR (top-left panel),
MMRAO (top-right panel), iAMR (bottom-left panel) and the proportion of abortion-related deaths (bottom-right panel) by place
of occurrence between 2008 and 2011 in Mexican states, grouped as with amendment (in dark green) or without amendment
(in cyan) in terms of exhibiting or not a constitutional amendment to protect the unborn starting at conception (see online
supplementary figure S1). Bar charts show average ratios and proportions of abortion-related deaths for each group (dark green
and cyan bars, respectively). *p<0.05 using Z-test. iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO,
MMR with abortive outcome.
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on overall maternal mortality rates; second, a less permis-
sive abortion law, in terms of not considering exemptions
from criminal prosecution of abortion in cases of genetic
or congenital fetal anomalies, was not associated with
increased maternal and abortion-related deaths; and
third, differences in maternal mortality incidence in the
context of different abortion legislation (more or less
permissive), appear to be mainly explained by the distri-
bution of other major independent factors most likely
facilitating an epidemiological transition towards low
maternal mortality rates independently from abortion
legislation itself.
On the other hand, whether state constitutional
amendments protecting the unborn translate into
higher or lower maternal mortality rates has not yet
been explored. Theoretically, these states might be cul-
turally more reluctant to accept changes in abortion
legislation,22 43 45 46 and therefore maternal deaths
might be higher, particularly if practice of unsafe abor-
tions is frequent.21 47 At least in the short term, this
natural experiment found no evidence of any detrimen-
tal impact on maternal mortality outcomes related to
constitutional amendments protecting the unborn.
Some differences were noted between groups of states
with and without amendments between 2008 and 2011,
that is, lower average iAMR and lower average propor-
tion of abortion-related deaths in the group of states
with amendments compared with the group without
amendments. Nevertheless, in multivariate models, these
differences appeared to be explained by other inde-
pendent factors distributed more favourably in the
group of states with less permissive legislation but unre-
lated to constitutional amendment.
Interestingly, between 2008 and 2011, the Federal
District displayed higher MMR and MMRAO than did
the group of states with the constitutional amendment,
when the outcome was measured by place of occur-
rence, but not by place of residence. Indeed, when mor-
tality ratios by occurrence or residence are compared
state by state, the Federal District showed the highest dif-
ference in maternal mortality outcomes (eg, 61.9 vs 48.7
for MMR per 100 000 live births, respectively). From an
epidemiological perspective, such disparities often
reflect a pattern of temporary mobility among the popu-
lation.48 Similarly, the difference in iAMR and the pro-
portion of abortion-related deaths by place of
occurrence between states with and without amendment
was abolished when the Federal District was removed
from the latter group. Thus, interstate mobility into the
Federal District appears to be associated with an
increased risk of maternal mortality for pregnant
women arriving from other states. Determinants of this
phenomenon are largely unknown and warrant further
research.
Multivariate regression in primary and alternative
models (refined or unrefined) revealed that a combin-
ation of factors related to maternal healthcare, repro-
ductive behaviour, access to clean water, sanitation,
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female literacy and intimate-partner violence against
women explained 51–88% of the variance among states
in overall maternal mortality rates. Proportional contri-
butions of each variable explaining the variance of
maternal mortality outcomes analysed among Mexican
states are summarised in figure 8. These percentages
also represent the potential impact of addressing each
factor individually to decrease mortality ratios in Mexico.
Box 1 summarises public health interventions based on
the results of this study to improve maternal health in
this country.
Regarding maternal healthcare, three factors resulted
that were independently associated with maternal mor-
tality outcomes. First, consistent with the general consen-
sus,3 6 8–10 49–51 skilled attendance at birth showed an
inverse relationship with mortality ratios: for each 1%
increase in skilled attendance at birth, decreases of 0.42
in MMR (see online supplementary table S16), 0.06 in
MMRAO and 0.05 in iAMR per 100 000 live births were
estimated. This factor—ranging from 75% to 99%
among states (table 5)—most likely reflects important
disparities in access to antenatal care and institutional
deliveries.4 5 50 51 Second, the all-abortion hospitalisation
ratio showed an inverse relationship with MMR in
refined explanatory models. For each incremental unit
of this variable, a decrease of 0.8 maternal deaths per
100 000 live births was estimated among states. This
inverse relationship has been previously identified as an
indicator of improved access to emergency obstetric
units and specialised obstetric and postabortion
care.27 30 42 52–54 In contrast, a direct relationship
between the all-abortion hospitalisation ratio and MMR
may indicate high rates of in-hospital deaths secondary
to obstetric complications or, alternatively, that an
important number of unsafe abortions are being con-
ducted.27 30 54–57 This second interpretation seems not
to be the case in Mexico. Finally, a low birth weight rate
showed strong direct associations with all mortality ratios
in multivariate models: for each 1% increase in low
birth weight, increases of 1.6 in MMR, 0.3 in MMRAO
and 0.1 in iAMR per 100 000 live births were estimated,
explaining from 15.1% to 40.2% of the variance among
states. An association between low birth weight and mor-
tality ratios may be explained by the fact that low birth
weight and preterm birth are proxies for adverse preg-
nancy outcomes related to a series of antecedent
Figure 6 Mortality ratios and proportions of abortion-related deaths by place of residence in states with or without constitutional
amendment to protect the unborn starting at conception: focus on the Federal District. Line charts illustrate trends for MMR (top-
left panel), MMRAO (top-right panel), iAMR (bottom-left panel) and the proportion of abortion-related deaths (bottom-right panel)
by place of occurrence between 2008 and 2011 in Mexican states, grouped as with amendment (in dark green), without
amendment (in cyan), and the Federal District (hatched) in terms of exhibiting or not a constitutional amendment (the Federal
District of Mexico was not included in this group to be illustrated separately) to protect the unborn starting at conception (see
online supplementary figure S1). Bar charts show average ratios and proportions of abortion-related deaths for each group (dark
green, cyan and hatched bars, respectively). *p<0.05 using Z-test. iAMR, induced abortion mortality ratio; MMR, maternal
mortality ratio; MMRAO, MMR with abortive outcome.
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individual risk factors and medical conditions, such as
advanced maternal age, poor nutrition, infections, pre-
eclampsia, placental abnormalities, cervical incompe-
tence, cardiovascular conditions, pre-existing chronic
diseases, drug addiction, adverse social situation, alcohol
abuse, insufficient prenatal care and a gynaecological
history of previous termination of pregnancy.58–62 Taking
into consideration the wide disparity in low birth weight
rates among states (from 5.4% to 14.0%), individual-
level risk factors most likely make a major contribution
to current maternal mortality rates in Mexico. This sug-
gests the need for an expansion of emergency obstetric
units, specialised diagnostic centres and prenatal care
for high-risk pregnancies, and the incorporation of
other medical specialties, which in turn may favourably
impact maternal health.4 7 30 63–65
Reproductive behaviour is another factor most likely
influencing maternal health. In this study, two variables
were considered as proxies of the reproductive behaviour:
contraceptive use and the average TFR between 2002
and 2011 for each state (table 5).10 30 66–69 This study
provided little evidence that contraceptive use exerts an
independent primary influence on maternal mortality
differences among Mexican states over the past decade.
Nevertheless, alternative multivariate models considering
TFR instead of contraceptive use revealed two opposite
effects of TFR on mortality ratios: while displaying an
inverse relationship with MMR and MMRAO, TFR
showed a direct association with iAMR, explaining
17.2% of the difference in abortion-related mortality
among states. The direct association of TFR with iAMR
may be related to an increased number of unplanned
pregnancies terminated with abortion. In contrast, the
inverse association between TFR and MMR or MMRAO is
more difficult to interpret. Simple direct correlations
between TFR and MMR across multiple countries
support the common notion that decreasing fertility
reduces maternal mortality by reducing a woman’s
exposure to pregnancy during her reproductive life-
time.10 66 67 70 However, results from recent studies show
that the relationship between TFR and maternal mortal-
ity is much more complex and may vary from one
country to another.30 65 71 72 A plausible mechanism to
explain an inverse correlation between TFR and mater-
nal mortality has been referred to as the ‘fertility
paradox’ emerging in advanced stages of demographic
transition, when TFR falls under 2.5.30 While early stages
of fertility reduction would be associated with a
Figure 7 Mortality ratios and the proportion of abortion-related deaths by place of occurrence in states with or without a
constitutional amendment to protect the unborn starting at conception: focus on the Federal District. Line charts illustrate trends
for MMR (top-left panel), MMRAO (top-right panel), iAMR (bottom-left panel) and the proportion of abortion-related deaths
(bottom-right panel) by place of residence between 2008 and 2011 in Mexican states, grouped as with amendment (in dark
green), without amendment (in cyan) and the Federal District (hatched) in terms of exhibiting or not an constitutional amendment
(the Federal District of Mexico was not included in this group to be illustrated separately) to protect the unborn starting at
conception (see online supplementary figure S1). Bar charts show average ratios and proportions of abortion-related deaths for
each group (dark green, cyan and hatched bars, respectively). *p<0.05 using Z-test. iAMR, induced abortion mortality ratio; MMR,
maternal mortality ratio; MMRAO, MMR with abortive outcome.
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Table 5 Independent variables in each Mexican state: frequencies and analyses of normal distribution
State
Abortion
legislation
Constitutional
amendment
Clean
water Sanitation TFR
Contraceptive
use
Skilled
attendance
at birth
Low
birth
weight
Female
literacy
All-abortion
hospitalisation
ratio
Intimate-partner
violence
Aguascalientes 1 0 98.0 97.8 2.6 71.7 97.5 6.6 95.9 10.8 12.0
Baja California 1 1 95.3 93.7 2.1 78.8 75.7 6.9 96.0 9.2 11.7
Baja California
Sur
0 0 88.1 94.2 2.0 75.9 99.5 6.0 95.8 10.6 16.3
Campeche 1 0 85.0 85.7 2.2 73.9 98.2 7.2 89.7 7.8 10.7
Coahuila 0 0 96.8 95.6 2.3 75.2 89.6 8.0 96.5 8.0 14.3
Colima 0 1 97.3 98.7 2.3 78.3 96.4 5.4 94.2 17.4 11.0
Chiapas 0 1 73.8 80.4 2.8 54.9 90.2 8.6 77.5 5.1 7.0
Chihuahua 1 1 94.9 93.2 2.4 78.9 82.2 7.6 95.3 6.2 12.1
Distrito Federal 0 0 97.5 99.2 1.8 79.6 94.3 14.0 96.3 14.2 20.9
Durango 1 1 92.9 88.3 2.4 73.2 93.3 8.0 95.5 8.2 10.2
Guanajuato 1 1 91.9 89.3 2.4 68.3 90.1 8.9 90.1 7.0 6.4
Guerrero 0 0 62.0 71.7 2.8 61.4 80.8 9.3 79.8 3.2 8.3
Hidalgo 0 0 87.2 83.4 2.4 70.9 89.7 8.5 87.2 6.2 8.6
Jalisco 1 1 94.6 96.9 2.4 71.4 93.5 9.0 94.8 7.4 10.0
México 0 0 92.2 92.0 2.2 76.5 84.7 10.9 93.6 4.4 11.9
Michoacán 1 0 88.1 85.4 2.4 63.2 92.1 8.6 88.4 6.1 9.1
Morelos 0 1 87.6 92.4 2.2 75.4 91.7 10.5 91.8 8.8 9.7
Nayarit 1 1 88.3 93.5 2.3 78.7 81.8 6.8 92.9 7.4 14.8
Nuevo León 1 0 96.9 97.2 2.1 79.2 96.6 8.6 95.8 6.5 13.1
Oaxaca 0 1 69.8 69.6 2.6 63.4 95.0 7.8 79.4 3.7 6.3
Puebla 0 1 83.8 84.9 2.6 69.8 90.8 9.6 86.8 4.0 8.6
Querétaro 1 1 91.9 91.0 2.3 70.3 97.6 9.2 91.7 9.1 11.6
Quintana Roo 0 1 91.7 94.0 2.1 73.4 91.5 8.3 92.4 9.7 10.7
San Luis Potosí 1 1 83.1 80.5 2.5 67.4 91.7 8.1 90.5 6.6 10.5
Sinaloa 1 0 90.3 90.9 2.3 79.8 93.4 6.1 94.7 8.1 15.0
Sonora 1 1 94.4 90.0 2.4 79.9 94.6 6.2 96.3 8.7 15.4
Tabasco 1 0 73.8 91.7 2.3 66.3 82.4 8.4 90.9 7.2 9.6
Tamaulipas 1 1 95.1 88.1 2.3 73.2 99.0 7.4 94.2 10.0 14.9
Tlaxcala 1 0 95.6 92.8 2.4 65.2 98.2 10.1 92.8 7.6 9.3
Veracruz 0 0 76.3 80.2 2.2 73.9 97.8 7.1 86.1 4.8 10.9
Yucatán 0 1 94.4 80.1 2.3 74.9 97.5 10.7 88.6 7.2 11.5
Zacatecas 1 0 91.7 89.0 2.5 70.2 89.1 8.6 93.6 8.3 8.2
p Value* † † 0.189 0.624 0.311 0.730 0.534 0.666 0.399 0.394 0.505
Abortion legislation: states classified as less permissive (1) or more permissive (0), according to the presence of an exemption from criminal prosecution of abortion in cases of genetic or
congenital malformation. Constitutional amendment: states classified as exhibiting (1) or not (0) an amendment to their political constitution protecting the unborn from conception during 2011.
Clean water: percentage of in-use private dwellings with clean water availability during 2010. Sanitation: percentage of in-use private dwellings with availability of sewer drainage during 2010.
TFR: average total fertility rate between 2002 and 2011. Contraceptive use: percentage of married or in-union women of 15 and above using contraceptive methods during 2009. Skilled
attendance at birth: percentage of observed live births delivered by a physician, nurse or midwife during 2010. Low birth weight: percentage of observed live births with low birth weight in each
state during 2010. Female literacy: percentage of the female population of ages 15 and above who can understand, read and write a short, simple statement on their everyday life during 2010.
All-abortion hospitalisation ratio: ratio of all-abortion related hospitalisations over observed live births between 2000 and 2008 per 100 live births. Intimate-partner violence: percentage of
married or in-union women of ages 15 and above who have suffered severe intimate partner violence over the past 12 months during 2010.
*Kolmogorov-Smirnov test for normal distribution.
†Not applicable.
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Table 6 Univariate associations between 10 independent variables and maternal mortality outcomes for 32 Mexican states, 2002–2011
MMR MMRAO iAMR
Variable β SE
95% CI
R2 p Value β SE
95% CI
R2 p Value β SE
95% CI
R2 p ValueLower Upper Lower Upper Lower Upper
Female literacy (%) −1.16 0.26 −1.700 −0.627 0.38 <0.001 −0.08 0.03 −0.155 −0.007 0.11 0.033 −0.07 0.02 −0.117 −0.021 0.20 0.007
Low birth weight (%) 2.05 0.92 0.173 3.937 0.11 0.033 0.33 0.09 0.134 0.534 0.26 0.002 0.17 0.07 0.025 0.319 0.13 0.023
Skilled attendance at birth (%) −0.52 0.27 −1.067 0.023 0.08 0.060 −0.08 0.03 −0.140 −0.020 0.17 0.010 −0.03 0.02 −0.073 0.015 0.02 0.192
Intimate-partner violence (%) −0.86 0.52 −1.931 0.205 0.05 0.109 −0.06 0.06 −0.189 0.066 0.00 0.332 −0.05 0.04 −0.138 0.034 0.02 0.230
All-abortion hospitalisation ratio
(per 100 live births)
−1.71 0.51 −2.750 −0.678 0.25 0.002 −0.11 0.06 −0.247 0.022 0.05 0.099 −0.10 0.04 −0.187 −0.009 0.11 0.033
Constitutional amendment (yes) 1.93 3.36 −4.946 8.809 0.01 0.571 0.22 0.39 −0.575 1.019 −0.02 0.574 −0.20 0.26 −0.742 0.340 −0.01 0.454
Abortion legislation (less
permissive)
−7.31 3.13 −13.710 −0.911 0.12 0.027 −0.47 0.38 −1.263 0.310 0.01 0.226 −0.31 0.26 −0.843 0.232 0.01 0.255
Contraceptive use (%) −0.64 0.25 −1.165 −0.130 0.15 0.016 −0.04 0.03 −0.106 0.023 0.02 0.195 −0.05 0.02 −0.093 −0.012 0.16 0.013
TFR 9.51 6.56 −3.899 22.927 0.03 0.158 0.46 0.78 −1.134 2.063 −0.02 0.557 1.21 0.48 0.221 2.216 0.14 0.018
Clean water (%) −0.66 0.15 −0.970 −0.355 0.37 <0.001 −0.03 0.02 −0.076 0.012 0.03 0.152 −0.03 0.01 −0.065 −0.009 0.16 0.012
Sanitation (%) −0.79 0.18 −1.174 −0.425 0.36 <0.001 −0.03 0.02 −0.090 0.017 0.02 0.177 −0.04 0.01 −0.075 −0.005 0.12 0.026
iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome; TFR, average total fertility rate between 2002–2011.
Table 7 Explanatory models for trends on MMR, MMRAO and iAMR in 32 Mexican states after refinement, 2002–2011
MMR† MMRAO‡ iAMR§
β SE
95% CI
P value VIF β SE
95% CI
P value VIF β SE
95% CI
P value VIFLower Upper Lower Upper Lower Upper
Female literacy (%) −1.100 0.255 −1.625 −0.574 <0.001 2.250 −0.073 0.024 −0.122 −0.023 0.005 1.014 −0.119 0.018 −0.155 −0.082 <0.001 1.944
Low birth weight (%) 1.637 0.502 0.603 2.671 0.003 1.046 0.361 0.072 0.213 0.508 <0.001 1.013 0.154 0.039 0.074 0.234 0.001 1.051
Skilled attendance at birth (%) −0.162 0.157 −0.486 0.162 0.312 1.145 −0.065 0.021 −0.108 −0.022 0.005 1.011 −0.052 0.011 −0.075 −0.030 <0.001 1.061
Intimate-partner violence (%) 0.755 0.369 −0.004 1.514 0.051 1.859 0.021 0.055 −0.092 0.135 0.702 1.961 0.085 0.029 0.025 0.144 0.007 2.023
All-abortion hospitalisation
ratio (per 100 live births)
−0.817 0.405 −1.652 0.018 0.055 1.882 0.036 0.056 −0.080 0.151 0.533 1.742 −0.004 0.030 −0.067 0.058 0.894 1.854
Constitutional amendment
(yes)
0.578 1.827 −3.192 4.348 0.755 1.088 0.286 0.243 −0.214 0.787 0.250 1.019 −0.034 0.137 −0.318 0.250 0.806 1.081
Abortion legislation
(less permissive)
−1.456 2.151 −5.896 2.983 0.505 1.531 −0.062 0.279 −0.636 0.513 0.827 1.276 −0.059 0.155 −0.380 0.262 0.705 1.393
Contraceptive use (%) 0.187 0.259 −0.347 0.720 0.477 3.182 0.044 0.032 −0.022 0.111 0.184 2.761 0.023 0.020 −0.018 0.064 0.255 3.622
R2 for model 0.689* 0.624* 0.777*
*p<0.001.
†Multivariate model identified and excluded two states (Chihuahua and Nueva León) as outliers after one step of refinement. Four predictors were identified after five steps of backward
elimination (female literacy, low birth weight, all-abortion hospitalisation ratio and intimate-partner violence), accounting for 69% (R2) of the differences in MMR between states.
‡Multivariate model identified and excluded two states (Aguascalientes and Nayarit) as outliers after two steps of refinement. Three predictors were identified after six steps of backward
elimination (female literacy, low birth weight and skilled attendance at birth), accounting for 62% (R2) of the differences in MMRAO between states.
§Multivariate model identified and excluded four states (Aguascalientes, Durango, Sonora and Tlaxcala) as outliers after three steps of refinement. Four predictors were identified after five steps
of backward elimination (female literacy, low birth weight, skilled attendance at birth and intimate-partner violence), accounting for 78% (R2) of the differences in iAMR between states.
iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome; VIF, variance inflation factor.
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Table 8 Alternative explanatory regression models for MMR, MMRAO and iAMR after refinement considering independent variables excluded from the explanatory models because of
collinearity
Variable
MMR MMRAO iAMR
β SE
95% CI
p value VIF β SE
95% CI
p value VIF β SE
95% CI
p value VIFLower Upper Lower Upper Lower Upper
Clean water (%) −0.730 0.085 −0.908 −0.553 <0.001 1.928 −0.021 0.017 −0.056 0.014 0.225 1.066 −0.048 0.008 −0.065 −0.030 <0.001 1.041
Low birth weight (%) 1.938 0.318 1.279 2.596 <0.001 1.086 0.321 0.087 0.144 0.498 0.001 1.002 0.210 0.043 0.121 0.299 <0.001 1.006
Skilled attendance at birth (%) −0.027 0.106 −0.250 0.197 0.806 1.238 −0.076 0.025 –0.126 −0.026 0.004 1.002 −0.032 0.012 –0.057 −0.007 0.014 1.039
Intimate-partner violence (%) 0.554 0.210 0.118 0.990 0.015 1.570 0.010 0.078 –0.150 0.170 0.897 2.446 0.033 0.029 –0.028 0.093 0.276 1.615
All-abortion hospitalisation ratio (per
100 live births)
−0.566 0.271 –1.129 −0.003 0.049 2.288 –0.010 0.080 –0.176 0.156 0.901 2.107 −0.020 0.036 –0.095 0.055 0.580 2.056
Constitutional amendment (yes) −0.312 1.172 –2.765 2.141 0.793 1.136 0.316 0.295 –0.289 0.921 0.294 1.031 0.112 0.148 –0.194 0.418 0.457 1.032
Abortion legislation (less permissive) 1.745 1.361 –1.095 4.585 0.215 1.625 –0.085 0.335 –0.773 0.604 0.803 1.269 –0.158 0.163 –0.496 0.180 0.344 1.266
Contraceptive use (%) 0.167 0.150 –0.144 0.479 0.276 2.756 –0.007 0.037 –0.083 0.068 0.843 2.160 0.009 0.024 –0.042 0.059 0.723 3.798
R2 for model 0.886* 0.420* 0.700*
Sanitation (%) −0.758 0.127 –1.019 –0.497 <0.001 1.001 –0.032 0.020 −0.072 0.009 0.121 1.002 −0.052 0.011 –0.075 –0.029 <0.001 1.000
Low birth weight (%) 2.166 0.528 1.082 3.249 <0.001 1.001 0.321 0.087 0.144 0.498 0.001 1.002 0.169 0.048 0.070 0.268 0.002 1.003
Skilled attendance at birth (%) −0.248 0.154 −0.565 0.069 0.120 1.008 –0.076 0.025 –0.126 −0.026 0.004 1.002 −0.044 0.014 –0.072 –0.016 0.004 1.003
Intimate-partner violence (%) 0.238 0.337 −0.457 0.933 0.487 1.490 0.023 0.078 –0.137 0.183 0.772 2.494 0.055 0.031 –0.010 0.119 0.092 1.592
All-abortion hospitalisation ratio (per
100 live births)
−0.410 0.518 −1.485 0.665 0.438 2.903 0.019 0.090 −0.167 0.205 0.835 2.693 −0.005 0.046 –0.101 0.091 0.920 2.605
Constitutional amendment (Yes) 0.660 1.958 −3.412 4.732 0.739 1.175 0.232 0.292 −0.368 0.831 0.434 1.026 0.090 0.166 –0.254 0.434 0.593 1.083
Abortion legislation (less permissive) −3.148 1.875 −7.010 0.714 0.106 1.164 −0.104 0.322 −0.767 0.558 0.749 1.194 −0.192 0.172 –0.546 0.163 0.276 1.206
Contraceptive use (%) −0.241 0.239 −0.737 0.254 0.324 2.671 −0.005 0.033 −0.072 0.062 0.873 1.743 −0.011 0.022 –0.058 0.036 0.632 2.898
R2 for model 0.640* 0.420* 0.593*
Female literacy (%) −1.013 0.218 −1.463 −0.563 <0.001 1.876 −0.125 0.029 –0.184 –0.066 <0.001 2.043 –0.029 0.029 –0.089 0.030 0.321 1.833
Low birth weight (%) 1.260 0.446 0.339 2.180 0.009 1.127 0.271 0.064 0.138 0.404 <0.001 1.096 0.197 0.064 0.067 0.327 0.004 1.015
Skilled attendance at birth (%) 0.004 0.158 −0.326 0.335 0.978 1.223 −0.064 0.018 –0.102 –0.027 0.002 1.031 –0.023 0.018 –0.060 0.013 0.200 1.037
Intimate-partner violence (%) 0.247 0.371 −0.521 1.016 0.511 2.419 0.012 0.055 –0.101 0.125 0.828 2.416 0.075 0.051 –0.029 0.179 0.152 2.239
All-abortion hospitalisation ratio (per
100 live births)
−0.962 0.352 −1.689 –0.236 0.012 1.779 −0.016 0.051 –0.121 0.089 0.755 1.961 0.011 0.053 –0.099 0.121 0.834 2.021
Constitutional amendment (yes) 1.195 1.563 −2.037 4.428 0.452 1.076 0.235 0.209 –0.198 0.667 0.273 1.046 –0.172 0.215 –0.614 0.270 0.430 1.056
Abortion legislation (less permissive) −0.226 1.972 −4.327 3.875 0.910 1.597 −0.053 0.293 –0.663 0.557 0.858 1.796 0.060 0.287 –0.534 0.653 0.837 1.722
TFR −14.329 4.158 −22.911 –5.747 0.002 1.728 −1.750 0.606 –3.001 –0.500 0.008 2.143 1.383 0.434 0.495 2.270 0.003 1.015
R2 for model 0.714* 0.666* 0.335*
*p<0.001.iAMR, induced abortion mortality ratio; MMR, maternal mortality ratio; MMRAO, MMR with abortive outcome; TFR, average total fertility rate between 2002–2011; VIF, variance inflation
factor.
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decreased number of children per woman without a sub-
stantial delay of motherhood, later stages of fertility
reduction appear to be primarily associated with delayed
motherhood.30 40 63 65 72 73 The net effect of this
change would be an increase in pregnancies among
women above 35 years of age, which in turn increases
the risk of complications and mortality from non-
obstetric pre-existing medical conditions such as hyper-
tension, diabetes, renal disease and obesity, as well as
obstetric conditions such as gestational hypertension,
pre-eclampsia, gestational diabetes, postpartum haemor-
rhage, recurrent miscarriage, caesarean section and
indirect causes.40 65 71–77 A recent study in Mexico
showed that over 75% of maternal deaths are related to
these causes.37 Considering a TFR of 2.3 for this country
in 2011, a fertility paradox phenomenon may be under-
lying the inverse correlations between TFR and MMR or
MMRAO observed in this study. Access to adequate pre-
conception counselling and family planning pro-
grammes to promote healthy childbearing before
35 years of age may be useful for addressing the
problem of an excessively delayed motherhood, in add-
ition to preventing unplanned pregnancies.
Alternative multivariate models identified clean water
and sanitation as variables influencing maternal and
abortion-related mortality in Mexican states. These find-
ings are consistent with the association of such environ-
mental risk factors with maternal mortality.30 78 79
A recent systematic review and meta-analysis proposed
plausible mechanisms to explain this association:79 first,
poor hygienic conditions may lead to sepsis during
childbirth, one of the main causes of maternal deaths
worldwide.78 Second, exposure to poor water and sanita-
tion increases the likelihood of repeated water-borne
infections, which may lead to long-term detrimental
effects on the female population of fertile age.79
Considering the current disparities among Mexican
states in the access to clean water and sanitation
(ranging from 62.0% to 99.2%), this study’s findings
highlight the potential positive impact of these basic ele-
ments of human development to continue improving
maternal health in Mexico and other developing
countries.
This study found that female literacy was a major vari-
able influencing all mortality outcomes studied, explain-
ing between 11.9% and 50.9% of the variance among
Mexican states. For each 1% increase in female literacy,
decreases of 1.1 in MMR, 0.07 in MMRAO, and 0.12 in
iAMR per 100 000 live births were estimated. The gap in
female literacy among states, ranging from 77.5% to
96.5%, suggests that public programmes directed at
increasing women’s education level may have a positive
impact on maternal health in Mexico. In addition to a
direct impact on maternal mortality,10 30 80–82 women’s
education is correlated with other major predictors of
maternal health, such as skilled attendance at
birth,30 83 84 access to antenatal care,3–5 fertility
rate,10 30 85 family planning86 and contraceptive use.87 88
Since education is likely to indicate early life circum-
stances and future socioeconomic outcomes,89–91
women’s education level may represent an antecedent
variable impacting reproductive behaviour, use of mater-
nal health facilities and family planning programmes,
and access to improved sanitation.30 Furthermore, since
women’s literacy can explain territorial differences in
maternal mortality, predictive models of MMR consider-
ing differences in women’s education level10 are likely to
be more precise than models neglecting to consider
education,12 68 as a recent comparative analysis
suggests.92
Finally, intimate-partner violence against women over
the past year was identified as an additional factor
Table 9 Comparison of different indicators of maternal healthcare and human development between groups of states with
less and more permissive abortion legislation
Variable
Less permissive
states (n=18)
More permissive
states (n=14) Rate ratio* p Value
Clean water† (%) 91.9 85.6 1.07 <0.001‡
Sanitation† (%) 91.3 87.0 1.05 <0.001‡
Total fertility rate 2.4 2.3 § 0.781¶
Contraceptive use** (%) 72.3 73.3 0.99 <0.001‡
Skilled attendance at birth†† (%) 91.4 90.3 1.01 <0.001‡
Low birth weight†† (%) 8.1 9.6 0.84 <0.001‡
Female literacy‡‡ (%) 93.3 89.3 1.05 <0.001‡
All-abortion hospitalisation ratio††, per 100 live births 7.6 6.1 1.25 <0.001‡
Intimate-partner violence‡‡ (%) 11.1 11.9 0.93 <0.001‡
*Z-test rate ratio.
†Proportions were weighted using a specific denominator of exposed populations for each state.
‡Z-test p value.
§Not applicable.
¶t test p value.
**Proportions were weighted using a specific denominator of exposed female populations in ages 15–49 for each state.
††Proportions and ratio were weighted using a specific denominator of observed live births in each state.
‡‡Proportions were weighted using a specific denominator of exposed female populations in ages 15 and above for each state.
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influencing maternal and induced abortion-related mor-
tality. For each 1% increase in intimate-partner violence,
increases of 0.8 in MMR and 0.1 in iAMR per 100 000
live births were estimated, explaining 2.8% and 7.2%,
respectively, of the variance among Mexican states. An
association between intimate-partner violence93 94 and
several detrimental maternal outcomes such as antenatal
haemorrhage,95 vaginal bleeding,96 antenatal hospitalisa-
tion,96 caesarean section,96 preterm birth,96 miscar-
riages,97 pregnancy termination,97 98 repeated
abortion,99 perinatal death,95 femicide100 and poor
mental health outcomes,101 including suicide
attempt,102 has been previously described. In addition,
since sexual coercion103–106 and abuse93 have been iden-
tified as strong predictors of induced abortion, these
factors may influence MMR and iAMR, which warrants
further research. Recent reports suggest that detection
of violence against pregnant women during prenatal
visits107 108 and subsequent interventions by skilled
health professionals may improve maternal out-
comes.109 110 Given the current statistics of intimate-
partner violence against women observed in Mexican
states (ranging from 6.3% in Oaxaca to 20.9% in the
Federal District), such interventions may contribute to
improved maternal health.
Limitations
Paraphrasing Geoffrey Rose,111 epidemiological research
traditionally distinguishes two kinds of aetiological ques-
tions. For instance, the question “Why do some pregnant
women die from abortion or gestational hypertension
and others do not?” is different from “Why do some
Figure 8 Proportional contribution of independent variables to observed differences in maternal mortality outcomes among
Mexican states in primary and alternative multivariate regression models. iAMR, induced abortion mortality ratio; MMR, maternal
mortality ratio; MMRAO, MMR with abortive outcome; TFR, total fertility rate.
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populations exhibit more deaths of pregnant women
because of abortion or gestational hypertension?” While
the first question asks for the causes of ‘cases’ at the
individual level, the second asks for the causes of ‘inci-
dence’ at the population level; consequently, to answer
these questions, different kinds of epidemiological
studies are required. In this context, the examination of
current abortion laws in 32 Mexican states provided an
interesting natural experiment to assess whether more
or less permissive legislation was associated with lower or
higher incidences of maternal and abortion-related
deaths, simultaneously controlling for multiple confoun-
ders at the population level. However, this study—based
on aggregated data—cannot conclusively rule out the
influence of different factors impacting maternal health
to an individual level of analysis, and therefore an eco-
logical fallacy112 113 should be avoided. In contrast, an
individualistic fallacy,113 114 based on the ‘high-risk’111
approach, should also be avoided in the interpretation
of these results.
A major limitation of evaluating the impact of abor-
tion legislation in terms of permissiveness is the intras-
tate heterogeneity in criminal codes and the inability to
randomly allocate a population of individuals to uni-
vocally defined groups, apparently making the criterion
to segregate into each group somewhat arbitrary.
However, after thorough exploratory analyses consider-
ing both the number and the type of legal exemptions
for the criminal prosecution of abortion, only the
exemption of prosecution of abortion in cases of genetic
or congenital fetal malformations in their criminal
codes was found to provide clear differences in mortality
outcomes. In the case of Mexican states, this criminal
exemption hinges on the opinion of a physician stating
that there are sufficient reasons to think that such altera-
tions would result in an individual with serious physical
or mental deficiencies.38 Thus, this exemption would
not contemplate criminal prosecution for an induced
abortion in extreme cases of fetal malformation, such as
holoprosencephaly (a failure to develop two cerebral
hemispheres, lethal in utero or shortly after birth), or
less extreme conditions, such as Down syndrome
(trisomy of chromosome 21, characterised by survival
into adulthood). In addition, it is reasonable to think
that the presence or absence of this exemption may
reflect different cultural values and attitudes towards
abortion itself.
This study relies on official sources of data for mortal-
ity outcomes, live births and covariates. Errors such as
under-reported deaths cannot be definitively ruled out.
However, minimal errors are expected since 2002
because of the strengthening of the epidemiological sur-
veillance system in that year, incorporating maternal
death audits to identify misclassifications and minimising
under-reporting.115 For instance, in a 2009 audit of
maternal deaths conducted in Mexico identifying causes
of deaths during the influenza A H1N1 epidemic,
authors were able to distinguish subcategories of causes
of deaths, including complications of spontaneous abor-
tion, induced abortion and unspecified abortion.116 On
the other hand, instrumental bias because of different
methodologies used to assess the same variable in differ-
ent populations is a frequent problem in studies of mul-
tiple populations. Nevertheless, each independent
variable used for this study was compiled with a single
instrument applied in all Mexican states, making instru-
mental bias unlikely.
A problem in countries with legal restrictions for preg-
nancy termination is the difficulty of obtaining counts
and rates of illegal abortions. Nevertheless, the problem
of under-reporting of illegal abortions does not translate
necessarily to under-reporting of deaths from complica-
tions of illegal procedures when specific codes of the
ICD-10 are in use. Recent studies in Mexico37 and
Chile117 suggest that both mortality and morbidity from
complications of illegal abortions, or abortions without a
known cause are registered using specific codes O05,
O06 and O07 to differentiate them from complications
of other types of abortions with a well-known cause.
Consequently, these specific codes were considered for
the construction of iAMR in this study. Another matter
for concern is the possibility of misreporting or misclassi-
fication of deaths from induced abortion as deaths for
other causes, for example, haemorrhage or sepsis.
However, in Mexico, this seems unlikely because of the
maternal mortality audit discussed above and the paral-
lel decreasing trend in overall maternal mortality
observed in this study. For instance, deaths from haem-
orrhage have decreased by 17% between 2002 (10.6
deaths per 100 000 live births) and 2011 (8.8/100 000
live births). In addition, there is no reason to misreport
deaths from a suspected illegal abortion considering the
use of ICD10 codes O05, O06 and O07. Thus, iAMR
appears to be an indicator that provides a reasonable
method to circumvent the problem of under-reporting
of maternal deaths from complications of illegal proce-
dures in subsequent epidemiological studies in Latin
America.
Box 1 Evidence-based public health interventions to
improve maternal health in Mexico
▸ Increase access to antenatal care and coverage of institutional
deliveries.
▸ Increase number of and access to emergency obstetric units.
▸ Expand specialised diagnostic centres and prenatal care for high-
risk pregnancies, with incorporation of other medical specialties.
▸ Increase access to adequate preconception counselling and family
planning programmes to promote healthy childbearing before
35 years of age and to prevent unplanned pregnancies.
▸ Strengthen public policies directed to increase the number of
schooling years of the female population.
▸ Improve detection of violence against pregnant women during pre-
natal visits and intervention by skilled health professionals.
▸ Address disparities in human development indicators by increas-
ing access to clean water and sanitation coverage.
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Finally, although most variables, including those for
abortion legislation, showed significant correlations with
maternal mortality outcomes in Mexico, this study
emphasises the importance of multivariate analyses cor-
recting for multicollinearity between covariates and the
presence of outliers on mortality outcomes. For instance,
since it is not possible to completely separate statistical
effect sizes of highly correlated terms in multiple regres-
sion equations, separate alternative analyses are
required. In addition to seeking unbiased effect sizes for
significant predictors, any statistical association requires
a plausible mechanism before making causal inferences
at the population level.
CONCLUSION
This population-based natural experiment, using virtu-
ally complete official vital statistics of live births and
maternal deaths in 32 Mexican states between 2002 and
2011, showed that maternal and abortion-related mortal-
ity ratios were lower in states with less permissive abor-
tion legislation compared with states with more
permissive legislation. Nevertheless, the observed differ-
ences between populations were not attributable to abor-
tion legislation by itself. In fact, exhaustive multivariate
analyses showed that these differences were largely
explained by other factors such as women’s literacy,
maternal healthcare, water, sanitation, fertility rate and
violence against women. These findings suggest that
favourably addressing disparities in these factors may
facilitate an epidemiological transition towards low
maternal mortality rates in developing countries during
the post-MDG agenda.
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